Activity measurements of Na2O in the system Na2O-Fe2O3 have been made by EMF method using sodium beta-alumina as a solid electrolyte between 850 and 1500K. The cell employed in this study was written as;
has not been well established for the phase stability range of Na3Fe5O9 and the eutectic reaction between Fe2O3 and Na2Fe2O4 reported by Knick and Kohlmeyer(5) .
In this study, the EMF method was employed using sodium beta-alumina as a solid electrolyte, which has been successfully used by the present authors to determine the activity of Na2O in Na2O-bearing slag systems(6)(7).
Concentration cell
A sodium concentration cell using sodium beta-alumina (Na2O.11Al2O3) has been constructed in this study to determine the activity of the Na2O in Na2O-Fe2O3 system, which are written as 
Therefore, Na2O activity in the sample electrode will be determined by measuring reversible EMF and the cell temperature, if the activity value in the reference electrode is known. In this study, the Na2O activity in the reference electrode was also determined by the EMF method by using sodium carbonate (Na2CO3) as a standard. The cell construction is written as; where pxo2 and pxco2 are the partial pressure of oxygen and CO2 gas over Na2CO3 electrode, rechange of the reaction shown below. Na2O(sol. or liq.)+CO2(gas) =Na2CO3(sol. or liq.).
tion of Na2O (sol./liq.), CO2 gas, and Na2CO3 (sol./liq.) from the stable elements tabulated in JANAF thermochemical tables (8) . The standard state of Na2O activity was taken as pure solid Na2O below the melting point of Na2O (1405K) and pure liquid Na2O above the melting point.
Materials
Materials used in this study were all reagent. grade chemicals, supplied in a powdery form. Na2CO3 was used instead of Na2O because of handling easiness. Na2CO3 was dried at 443K in a drying oven for more than 86.4ks (24h). Fe2O3 was dried at 1273K for 43.2 to 86.4ks (12 to 24h).
These raw materials were weighed after the drying process, and then mixed in an alumina bowl. The mixture was charged into a plat-inum crucible, and was heated up and kept at 1473K for 7.2ks (2 h) in SiC furnace. Subsequent annealing was made at 1273K for 7.2 to 86.4ks. The samples were ground in alumina bowl after the heat treatment, and were examined by the X-ray powder diffraction on the existing phases. Heat treatment was repeated until the equilibrium phases were obtained.
The examined cells and the compositions of the reference and the sample electrode of the cell were summarized in Table 1 . Attempt was made to prepare the samples of higher Na2O contents than 0.5 mole fraction of Na2O (XNa2O). A complete decomposition of Na2CO3 used as a source of Na2O could not be obtained, and the cell EMF was not stable for the measurement using the sample of XNa2O=0.65. Therefore, successful measurements were done on the samples with the composition of XNa2O <0.5. The X-ray powder diffraction was made by using Co irradiation to identify the existing phases in the samples.
In the present study, the phase existing in the composition range between Fe2O3 and Na2Fe2O4 was identified as Na3Fe5O9 from the agreement of the diffraction pattern with that of JCPDS CARD No. 18-1213.
EMF measurements
The schematics of the cell are shown in Fig The electrode material set outside was contained in alumina crucible (99.5% Al2O3). The electrolyte tube and the inner electrode were spring-loaded to keep good electrical contact between the electrolyte and electrodes. The temperature of the cell was monitored by a Pt/Pt-13%Rh thermocouple. All the components used to construct the cell around the electrolyte were made of alumina ceramics and alumina cement.
The assembled cell was placed in a SiC furnace controlled by the Chino E-500 or DD type controller. The accuracy of the temperature control was within 3K. Purified air was passed over the cell for the measurements with cell Nos. 6, 9, 10, and 11.
In the measurements with the cell No. 0, the inner and outer compartments were separated to keep them under different atmospheres. A Fig. 1 Schematics of the cell employed in the present study. Table 1 The composition of the electrode material examined (F=Fe2O3, N3F5=Na3Fe5O9 and NF=Na2Fe2O4).
mixture of the purified CO2 and 02 gas was flown over the pure Na2CO3 (solid/liquid) reference electrode, and the purified air was passed over the other electrode. The partial pressures of CO2 and 02 gas were kept at 80 and 20 kPa (0.8 and 0.2 atm), respectively. The composition of the gas mixture was determined by measuring the EMF values from the oxygen gas sensor using stabilized zirconia electrolyte with air as a reference gas during the experiment. The measured values of the EMF
The values of the cell EMF and the EMF from Pt/Pt-13%Rh thermocouple were measured by Takeda Riken digital multimeter
The stable EMF values were recorded as equilibrium ones, when the value stayed within 1mV for 3.6ks (1h). Then a new temperature was set for the next measurement.
The equilibrium EMFs were measured with increasing and decreasing temperatures of the cell until cell performance showed the irreversible feature. The time required to attain a new stable value was 7.2 to 108ks (2 to 30h) depending on its temperature, and the life time of the cell was more than 2.6 Ms (30 d). (cell Nos. 6 and 9, cell Nos. 10 and 11), as shown in Fig. 3 . For the cell Nos. 6 and 9, the breaks in the slope are observed at the transition temperature of the Na2Fe2O4 phase: Comparing Figs. 2 and 3, the temperatures of the break in the slope of the lines above 1400K differs from each other. This fact indicates that the reaction of the liquid formation occurs at different temperatures in Na3Fe5O9+Fe2O3 and Na3Fe5O9+Na2Fe2O4 coexisting region. One of the possible explanations is to assume the incongruent decomposition of Na3Fe5O9 phase associated with eutectic reaction in the composition range between Na3Fe5O9 and Fe2O3. DTA experiments similar to those described below were performed to determine the temperature and composition of these invariant reactions. However, uncertainty still remains on the definite composition and the temperature of the reactions.
According to Thery(4), the Na3Fe5O9 phase was reported to decompose to Fe2O3 and Na2Fe2O4 at 1033K. The present results, however, indicate that Na3Fe5O9 phase is stable below 1033K as shown in Fig. 3 . In order to examine the phase transition, DTA was employed to detect the heat exchange due to the decomposition. The measurements were done at constant heating and cooling rates from 0.33K/s (20K/min) to 0.033K/s (2 K/min) using fresh samples for each experimental run. In addition, the samples of the same composition for DTA were examined by an X-ray diffractometer after annealing at 973 K in air for more than 4.32Ms (120h). No evidence for the decomposition were detected by DTA or X-ray analysis. Therefore, the Na3Fe5O9 phase is concluded to be stable over the temperature range of the present study. The possible interpretation of the results of Thery will be that the transformation between decomposition of the Na3Fe5O9 phase due to the inhomogeneity of the sample, prepared with insufficient annealing duration. For the cell No. 10 and 11, the EMF values should remain null throughout the measured temperature, since the phases in the sample electrode is identical with those in the reference electrode. The observed values would be considered as a thermal EMF of the cells.
The Na2O activity in the Fe2O3+Na3Fe5O9 co-existing region (aNa2o(F/N3F5), where F and N3F5 denote Fe2O3 and Na3Fe5O9, respectively) is determined by using eq. (2), and the estimated activity values were plotted as a function of reciprocal absolute temperature in Fig.  4 . The coefficients of the best fit were calculated by the least squares analysis for log aNa2O(F/N3F5) against 1/Tin this region, and are listed in Table 3 .
The activity values in the region of Na3Fe5O9 +Na2Fe2O4 (aNa2O(N3F5/NF), where NF denotes Na2Fe2O4) are calculated from the results of the cell Nos. 6 and 9, using eq. (2). Fig. 4 Arrhenius type plot of the calculated Na2O activity in Fe2O3/Na3Fe5O9 and Na3Fe5O9/Na2Fe2O4 coexisting region.
Estimation of the thermochemical properties
The standard free energy change for the fortion was made below 1405K, since the values of Na2O activity were not known over the liquid phase. The standard free energy change for the reaction;
is calculated by the equation shown below, assuming aFe2o3 (solid hematite as a standard state) and aNa3Fe5o9 to be unity in this region.
change for the reaction (B). The coefficients were estimated from those for In aNa2o(F/N3F5) tabulated in Table 3 , and the estimated cosummarized in Table 4 .
The standard free energy change for the forculated from the following reaction:
are calculated respectively, and are shown in Fig. 5, showing The results are higher than those in the present shown in Fig. 5 exhibit higher values than the present data. One of the possible reason for the discrepancy between the results is caused from the thermochemical properties of the sodium tungstate reference melt used by Dai et al. The activity data for Na2O in the reference were quoted from the results by Lin and Elliott (9), who determined the activity in the Na2O-WO3 system by EMF method using sodium beta alumina with W/WS2/Na2S as a reference. The Na2O activity and thermodynamic properties in the Na2O-SiO2 system determined by Neudorf and Elliott(10) using the tungstate reference showed the smaller dependency on reciprocal absolute temperature compared with those by the present authors(6)(7). The major difference would arise from the smaller partial molar enthalpy for Na2O in the sodium tungstate melts determined by Neudorf and Elliott. In The values of Na2O activity in the system Na2O-Fe2O3 have been determined by EMF method using sodium beta-alumina as a solid electrolyte, and the standard free energy change for the formation of Na3Fe5O9 and Na2Fe2O4 has been estimated.
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